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INTRODUCTION
During the war the United States experienced the most
extensive Industrial expansion In its history. Enormous quan
tities of timber were needed to house the enlarged industrial
plant as well as to meet the military needs. The experience
resulting from solving material shortages and other problems
was responsible for greatly extending previous engineering
and construction knowledge*
Modern developments such as timber connectors and glued
laminated construction made possible a more efficient use of
timber and much construction of wood which would not have been
possible otherwise.
There has been a good deal of speculation as to what
extent these new developments will find application in farm
construction- Will the ideas developed for the improvement
of building construction or new methods of fabrication prove
of value to the farmer? Building materials may oontinue to
be scarce for several years necessitating more effective uti
lization to make the available supply go as far as possible*
At the same time, structural soundness and functional effi
ciency must not be sacrificed*
Timber, which is the nation's greatest renewable resource^
is still the principal material of construction on the farm*
Tlemann (18) advises us that, weight for weight, dry wood in
the foiTO of beams Is stronger and stlffer than steel. The
strength of wood, however. Is not equal in all directions.
Its longitudinal elements give wood its chief mechanical
strength; therefore, it offers much more resistance to loads
applied parallel to the grain than perpendicular to the grain.
In the framing of farm buildings particular care should
be given to the fabrication of Joints. Q-iese (4) has the
following to say in reference to the Joint:
In most wood construction, the weakest places
are at the Joints- The proper fastening of
members requires careful workmanship and often
the strength of a beam is materially lessened
because of ineffective fastenings.
Studies of farm building losses due to wind forcibly
indicate a need for sturdier construction methods. Fig. l{3a)
shows the damage to Iowa farm buildings due directly to wind
during a single year, 1946. Note that damage to barns ac
counted for 54.7 per cent of the total wind damage to farm
buildings. In contrast, the dsunage to dwellings represents
only 13 per cent of the totsil amount of damage. The magni
tude or extent of damage to dwellings is relatively small in
consideration of their total investment which represents over
half of the value of all farm structures. These facts sug
gest that it is possible to build to resist wind damage.
Perhaps the investment necessary to make a barn as windproof
as the dwelling is not Justified. Nevertheless, many of the
structural weaknesses which promote wind damage can be elimi
nated by proper construction methods.
-3-
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-This Investigation has been conducted with reference to
the use of glued Joints In the framing of farm buildings.
Q-lue« acting on the principle of numerous small contacts spread
over relatively large areas, appears to offer the advantage
of increasing the strength of a Joint to almost any desired
amount* Its value as a fastener has already been demonstrated
in certain applications to farm construction. A good example
of its use is in the construction of the bent glued laminated
rafter which has so far proved highly successful.
By the use of glued gusset plates at Joints, there is
the possibility of approaching a rigid frame type of con
struction and eliminating many of the interior supports, ties,
and braces necessary when other fasteners are used.
In this investigation, tests were undertaken in an
attempt to determine the strength of glued Joints assembled
under field conditions from unsurfaced lumber and to determine
the comparative strengths of several types of glued gusseted
Joints.
-5-
HIOTORICAL
Summary of Previous Inveatigations
Many of the research projects In farm buildings at Iowa
State College during the past 15 to 20 years have made some
structural application of glue. These studies have all em
phasized the increased effectiveness to be gained by the use
of glue»
Laminated rafters
The first experiments relating to the use of glue in
farm structures were chiefly concerned with the laminated
bent rafter. This type rafter is used in the so-called
Gothic roof barn, which has had a popular appeal due to its
pleasing appearance and clear mow space* The first bent
rafters had their laminations fastened together with nails
and quite often it was noted that these rafters permitted
the barn ridge to sag* The nails used were unable to prevent
the laminations from slipping past one another. After some
efforts to provide structural stability in other ways it
appeared that gluing the laminations together might increase
the strength and rigidity of the rafter. Studies by Giese
and Anderson (8) and Giese and Clark (9) indicated that this
could be done effectively in a manner which could be adopted
-6^
-by farmers and fami carpenters* It was found that to provide
for horizontal shear In the rafters it was only necessary to
apply the glue in a narrow strip down the center of the lami
nations and with no pressure other than that afforded by
fastening the laminations together with nails.
Martin (10), who worked on the elastic properties of
laminated rafters, reports that the use of glue in laminated
rafter construction increases the stiffness of the rafter
more than any other type of fastener. He also states that
the shearing stresses developed in rafters in actual service
do not approach the shearing strength afforded by the glue#
In the full sized rafter, fiber stress becomes the limiting
factor.
The braced rafter
Pickard (14) made a study of the braced rafter roof.
Preliminary tests of timber Joints suggested the probable
value of modet^n connectors and glue for Joining rafter
members. Two of the large model rafters he constructed for
testing were fastened with casein glue combined with bolts
and nails* aiue was found to decidedly increase the strength
and rigidity of the rafters. Pickard concludes:
Rafters in which casein glue or modern con
nectors were used showed ultimate strength
from 2 to 5 times the strength of various
conventional designs.
-7-
Rlgld frames
Various rigid frame designs constitute another Important
application of glued construction to fann buildings* Accord
ing to Rice (15) the essential requirement of rigid frame
construction is a rigid Joint In which the movement of each
member is relative to the movement of the other members*
A small amount of glue used on gussets or splice plates
at critical Joints has made possible the use of timber in
rigid frame construction. An increase in the size of the
splice plate affords a greater area of contact at the Joint.
Such a design minimizes material requirements and inside ob
structions and also provides greater strength In farm build
ings.
In his study, Rice (15) constructed and tested a model
of a three-rafter gambrel roof using gusset plates glued and
nailed to the rafter splice and at the mow floor line where
the rafter is fastened to the stud. By use of the rigid
frame he eliminated the brace from the plate to the hay mow
floor as well as the long ties at the rafter splices* The
framing cost was 20.5 per cent less than for the 8tand6a*d
gambrel. In discussing the results of the rafter loading
tests Rice says:
The test substantiates the advantages of rigid
frame construction. There were no failures of
the glued and nailed rafter splices even in the
tests on the three hinged arches. The failures
at the mow floor line were not glue fedlures but
were caused by the failure of the wood under the
large fixed end moment*
-8-
Another application of the rigid frame was utilized In
a hog houee having low side walls and a gable roof shape, de
signed by G-lese (5). A combination type stud and rafter
using glued and nailed gusset plates as knee braces consti
tuted the entire framework with the exception of the sill,
the ribband (or purlin) at the top of the studs, and the
ridge member. No Interior supports or braces are necessary,
yet the structure is exceptionally rigid- Tests by Rice (15)
on rafters of this kind made from Douglas fir lumber for a
22 ft. hog house showed them to have factors of safety rang
ing from 4*35 to
Stable roof shapes
Dale (2) in his work on the design of stable roof shapes
for gambrel roof barns developed shapes that carry all the
dead load in the rafters and only the wind and hay load in
the braces. The rafters composing the stable roof shapes
are of standard length material for any width of bam- De
scribing the construction details of the rafters. Dale (2)
states: "The use of glue at all Joints will greatly Increase
the strength and stiffness of the roof."
(>raln storage structures
Richardson (16) performed load tests on models of grain
storage buildings. He designed self-supporting partitions
over the central driveway of the building. In these
-9-
partltlons the Joists and girders were glued and nailed to
the studs- He found through his tests that Joints made with
glue and nails had a greater resisting strength In most In
stances than the members themselves*
Crawford (1), who devoted his study to the prevention of
failures In corn cribs, tested sections of a corn crib. The
sections were tested both for hinged and fixed end conditions
to determine deflection and behavior of the members under
different loading conditions, which Joints are required to
carry the largest reactions, and the effect of different kinds
of bracing. In some of the tests, stud Joints were both
glued and nailed. Wedges made by ripping a 1 x 1 in. piece
of wood in half on the diagonal were fitted on both ends of
the stud at the outside edge of the sill and plate to prevent
the stud from kicking out. This arrangement he found to In
crease the strength of the Joint considerably over the con
ventional method of toe-nailing the studs-
Slll Joints
Martin (10) made tests on seven different types of sill
Joints. Three of these were the conventional toe-nailed
Joints and the remaining four contained triangular wedge
strips iriilch were fastened to the sill, and the studs were
notched to fit over the wedge strips. &lue was used in some
of these and omitted in others. Relative to the performance
of these Joints, Martin (10) makes the following statement:
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The use of a small quantity of glue Increases
the strength of the Joint many times. The
use of triangular bearing members increases
the strength of the joint over that of the
ordinary method of fastening.
Movable structures
The properties of plywood make it suitable for the con
struction of lightweight movable buildings such as poultry
houses and hog houses. Dunkelberg (3) found it possible to
reduce the weight of a 10 x 12 ft. movable poultry shelter
to 1000 lbs. or less by use of plywood. A conventional house
will weigh about 2500 lbs. The rafters of this structure
were made of five 5/16 in. laminations glued and nailed In
the shape of an arc. The framework of this type of structure
Is shown in Fig. 3» Gusaet pletes glued and nailed to the
framing members add rigidity to the house.
It was also decided that to glue the panels to the studs
and rafters would not only take full advantage of the plywood
but also seal the Joints against the infiltration of air.
Vibratory and static load tests on the structure indicated
the shelter was extremely rigid#
In a similar study of a plywood movable hog house having
a combination roof shape, Stafford (17) found that the use
of plywood reduced the weight from 2,460 lbs. to less than
1600 lbs. and that the plywood house will be much warmer than
the conventional.
Another movable type structure featuring glued construction
-Il
ls a brooder house having a gambrel roof shape* The combina
tion stud-rafter units for this structure are fastened at the
Joints by means of triangular gusset plates, glued and nailed
In place. The rafters are fabricated directly on the floor
of the structure before being raised into place. An Interior
view of one of these structures (Fig* 2) depicts the simplic
ity of Its construction and the utility which It affords the
operator*
Hevlew of Literature
Origin of glue
The use of glue as a fastener of wood dates far back
into the history of mankind. According to Perry (12) au
thentic records of the use of glue go back to the skilled
artisans who wrought their handiwork during the reigns of
the Pharaohs of Egypt* The first glue used was probably the
predecessor of iriiat is now known as animal glue* Perry states,
We do know that wood has been increasingly
used by man ever since these early Egyptian
eras, and it Is more than probable that
glue was one of the essential companion
materials which was used to expand the uti
lization of the wood.
In about 1875 the laminating of thin wood layers began
to assuae commercial Importance and to lay the foundations
of the plywood industry. Since that time the use of glue
-12-
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Flg. 2. Interior
of gambrel roof
brooder house
Pig* 3- Framework of plywood brooder house
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has become more extensive and many new glues have been
developed*
Types of glue
It is generally acknowledged that there is no one best
all—purpose glue for wood construction* The decision as to
what glue to use rests not only with the quality of the ad
hesive itself, but also with the equipment available and
whether the cost and quality of workmanship can be met.
Animal glue* The first glues used were prepared from
the hides of animals. Today, bone and hide glues are still
in use although as structural glues they cannot be regarded
as durable under severe moisture conditions* However, the
better grades of animal glue will give satisfactory service
on most wood products exposed to ordinary atmospheric condi
tions*
Vegetable glue* Vegetable glue is a product of starch
and flours. The base of these starch glues is usually
cassava flour, derived from the cassava root grown mainly in
the East Indies. The commercial vegetable glue consists of
two or more blended grades of cassava flour, together with
certain chemicals- Vegetable glues have been widely used in
the plywood industries. They are simple to prepare for appli
cation and are low in cost.
Casein glue* Casein glue is widely used because it is
easy to prepare» has considerable water resistance, and oan
-14-
be used on moderately rough surfaces or where Inadequate
pressure prevents a continuous close contact. Casein Is made
from milk curd that has been thoroughly washed and then pro
cessed to remove the water. The prepared glues are a powder
mixture of casein, lime, and several alkaline salts. The
user prepares his own mixture by mixing the powder with water.
In construction, casein glues have a wide versatility.
They are used in laminated arches, trusses, beams, and other
such members.
Synthetio-resln glues. Synthetic-resin glues are the
strongest wood working glues ever developed. In addition,
they offer a more reliable, waterproof, and fungus-proof
bond than other adheslves in general use.
The suggestion that phenol-formaldehyde resin could be
used as a wood adhesive was made in America about 1912 but
it was not until 1935 that it became commercially available
in the United States under the name "Tego", the original and
best known phenol-formaldehyde resin film.
The extreme durability of resin-bonded plywood soon
gained wide-spread recognition and other types of resin ad
heslves were introduced.
In 1937 urea-formaldehyde was introduced. This adhe
sive will cure at lower temperatures than Tego and is lower
in cost. Urea resins were originally supplied as solutions
but have since been reduced to powder form, thus increasing
their storage life*
-15-
The most recently developed phenollo-resln glues employ
special hardeners or catalysts to accelerate curing and are
often called low-temperature resins since they require less
heating than other synthetlc-reslns to produce strong glue
Joints* These low-temperature phenolic-resins are essen
tially similar to the hot-press phenolic-resin glues, and
when fully cured they possess the water resistant qualities
characteristic of phenollc-resin adheslves*
Two other new types of low-temperature setting phenol-
resins possessing similar characteristics are the melamlne
formaldehyde and resorclnol formaldehyde resins# These glues
are generally in water solution although some of them use
alcohol as a solvent. These glues are relatively expensive
at present, ranging in price from about 30 cents to 75 cents
per pound in liquid form.
Factors to be considered In the gluing of wood
The strength and durability of glued Joints have been
found to depend upon: (1) the kind of wood and Its prepara
tion for use; (2) the kind and quality of glue and its
preparation for use; (3) the details of gluing; (4) the type
of Joint; (5) the conditioning of the Joints; and (6) the
protection given In service.
Woods differ in their gluing properties. ScHse glue
easily with different glues and under varied conditions,
while others require more care in the gluing operation. In
-as-
general, heavy woods are more difficult to glue than light-
wleght wooda and hardwoods more difficult than softwoods-
Moat of the woods grown In the United States can be glued
satisfactorily.
A strong glue Joint is defined by T. R. Truax (19) as
follows:
A strong Joint in wood Is characterized by
complete contact of glue and wood over the
entire Joint area, and a continuous film of
good glue between the wood layers that is
unbroken by air bubbles or foreign particles.
Moisture content of wood. To insure a glue Joint of
maximum strength, the moisture content of the wood at the
time of gluing must be considered. A low moisture content
is essential for the best results.
The Forest Products Laboratory In its "Wood Handbook"
(20) states:
Satisfactory adhesion of glue to wood is
obtained at any moisture content of the
wood up to 15 per cent and even higher with
water resistant glues. Large changes in
the moisture content after gluing^ however,
develop stresses that may seriously weaken
both the wood and the Joint.
It is seldom that wood need be dried to a moisture con
tent below 5 per cent or higher than 12 per cent. The amount
of water added to the wood by the glue Itself is negligible
in gluing lumber but may add as much as 45 per cent or more
in thin plywood.
Durability of glue• Glued construction is a compara
tively new field in the United States. For this reason we
-i7-
lack definite Information as to the durability of glues over
long periods of time as applied to conditions and materials
In this country.
European experience In glued construction, however, is
of such duration that we are able to draw certain conclusions
in this respect. During the summer of 1936, Wilson (21) made
a study of about fifty structures employing laminated, glued
construction in Germany, Switzerland, Norway, Denmark, and
Sweden, the structures varying In age up to 25 years. Rela
tive to durability he reports,
Lack of examples of members that have failed
or have seriously deteriorated under such ex
posure during the third of a century of the
history of this type of construction precludes
any but optimistic estimates of length of life
and permanence. From experience to date, it
seems safe to assume that casein-glued lamin
ated construction will last as long as solid
wooden members of any but the more durable
species of preservatlvely treated material.
To determine the quality of glued Joints after 8 years
of service conditions, Martin (10) tested sections cut from
full size laminated barn rafters. These rafters were con
structed at Iowa State College by Giese and Anderson (8) in
1931 using six 1x3 in. and five 1x4 in. laminations fastened
together with cold casein glue and nalla. Olue was applied
in a strip approximately one-half the width of the lamina
tions and no particular effort was made to secure a perfect
glue Joint.
The units tested by Martin were sections 12 to 14 in.
-10-
long that had been stored under a leaky roof. Some of the
units were tested in horizontal shear and some in pure shear*
In the horizontal shear tests they were tested as short beams
and were not loaded to destruction. When 5100 lbs., the limit
for the scale on the testing machine, was reached, the maxi
mum horizontal shearing stresses developed were 264 lbs. per
sq. in. at the neutral surface for the beams oompoaed of five
1x4 in. laminations and 293 lbs. per sq. in. at the neutral
surface for the six 1x3 in. laminations. Of the ten speci
mens tested, only four showed signs of failure, and these In
the wood rather than In the glue.
Tested in pure shear the sections of six 1x3 in. lamina
tions had an average strength of 419 lbs. per sq. in. and the
sections of five 1x4 in. laminations had an average strength
of 322 lbs. per sq. in. An Inspection of the Joint failures
showed that the area over which the glue was effective was
only about one-half the total area of the surface.
The conclusions reached by Martin Indicate: (1) the
quality of the glue had not been seriously affected by eight
years of storage conditions; (2) the glue still resisted
shearing stresses of five times the allowable shearing stress
of wood*
Prom these observations. It seems that glued construc
tion has much to offer in the way of durability. In addition,
glues are constantly being improved in quality. The new resln
-19-
glues are particularly durable, producing bonds that will 
withstand continuous or intermittent exposure to water or 
moisture, boiling water, moist or dry heat, mold or fungus, 
and many organic solvents. 
Other timber fasteners 
Nails. Nails are easy to use and offer a fast means of 
joining timbers. They will, undoubtedly, remain in use for 
a long time to come, but when the strength of the joint is 
considered, nails compare unfavorably with other more recently 
developed fasteners. The function of nails is essentially 
the same as that of rivets in steel construction but the 
ratio of nail diameter to timber thickness is much higher 
than the ratio of rivet diameter to plate thickness. This 
means that nails are not only subject to shear but also bend-
ing, which causes a non-uniform bearing pressure. Because of 
their small bearing areas they also crush the fibers of the 
adjoining timbers and begin to yield, or slip, under a small 
load. This point was emphasized by Pickard (14) in testing 
different methods of fastening timber joints. The curves of 
Fig. 4 give a comparison of the load and slip of the various 
joints tested. It can be seen from curve No. 7 that nailed 
joints offered the least resistance to load and that the slip 
increased rapidly from approximately zero load. Typical 
failures in some of the joints tested by Pickard are shown in 
Fig. 5. 
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Fig. 5. Failure of nailed and bolted Joints
Fig. 6- Failure of a split-ring
timber connector Joint
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It has also been found that vibrations and changes in
moisture content of wood both have a loosening effect on
nailed Joints.
Bolts* As a connective device, bolts have had a wide
appeal in this country. As a rule they are inserted Into
holes 1/16 In* larger than their own diameter. Offering an
Increase in bearing area, a bolted Joint is considerably
stronger than a nailed Joint. It has less slip and deflec
tion than the nailed Joint but bolts are also subject to
bending (Fig- 5). Bolts are more expensive than nails and
more preparation for their use is necessary, since holes must
be bored before they can be placed in position. They are
convenient to use in temporary construction as they may be
removed easily.
Timber connectors. A more recent addition to timber
fasteners was made by the Introduction of the so-called
modern timber connectors. In general, they consist of metal
rings or disks that, embedded partly in each of the adjacent
members, transmit the load from one member to the other.
Although they bear only on a part of the thickness of the
timber, they distribute the bearing over a greater width than
bolts. This eliminates the bending and consequently reduces
the deformation. They Insure greater rigidity than bolts and
their strength is affected lees by shrinkage.
In an article on timber construction, Pantke (11)
classifies connectors into two groups: (1) those that are
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pressed Into the timbers by the application of force, such as
toothed ring connectors; and (2) those that are inserted into
precut grooves, such as split ring connectors. The first
group serves exclusively for timber-to-timber connections,
while the second includes devices suitable for timber-to-
steel connections*
Connectors do not serve to hold the timbers together but
only to resist the shear between them. They, therefore, can
be used only in combination with bolts*
Toothed ring connectors are sharp-toothed corrugated
rings of sheet steel* When they are used, a bolt hole is
first bored through the assembly of lapped timbers, and the
toothed rings are placed between the adjacent faces of the
members to be connected* The members are then drawn tightly
together by means of a high strength rod passed through the
bolt hole* The device Is operated like any bolt, using a
wrench to turn it until the connectors are completely em
bedded in the wood* Ordinary bolts are then inserted in
place of the high strength rod*
Split rings are placed in grooves cut into the contact
faces of overlapped timbers with half the depth of the ring
In the groove of each member* A power tool is recommended
for cutting the grooves. The tongue and groove split In the
ring permits simultaneous bearing of the inner surface of the
ring against the core left in grooving and the outer face of
the ring against the outer wall of the grooves.
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THE INVESTIGATION
Shear Tests of &lued Joints from Unsurfaced Lumber
Introduction
Previous investigations have shown that field assembled
glue joints employing nails to provide pressure to the Joint
are capable of transmitting a load as great as the struc
tural members making up the Joint will carry® In the fabri
cation of field assembled glue joints smooth surfaces are
desirable but in some instances unsurfaced structural members
find application In farm structures. With no special prepa
ration of the surfaces of such members, the feasibility of
applying glue to the Joints may be questioned.
A study was made of glued joints made up of unsurfaced
lumber fastened with nails in order to determine the shear
strength of such Joints and if possible to establish design
loads for use in the construction of them-
Selection of glue
Two types of glue were selected for these tests. The
first, casein glue, has been the most widely used structural
glue in the field of farm structures to date. Its continued
and increasing use may be attributed to the facility with
which it is used over a wide range of temperatures, its
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superlor gap-filling properties which make it adaptable to
rough surfaces I and its low cost as compared to some of the
other adhesives. The mixture for the teats was prepared by
slowly adding Casoo brand casein powder to an equal volume
of water and stirring by hand with a wooden paddle• Follow
ing the initial stirring to dissolve all lumps, the mixture
was left standing for a 15 mln. dissolving period. At the
end of this period a final mixing gave the glue a smooth
consistency. It was then ready for use*
Resoroinol-resin glue (Cascophen RS-216), a product
developed by the Casein Company of America in 1943, was the
other glue used. This product is a dark, wine colored liquid
adhesive, and is supplied with a separate catalyst. It has
the durability of a hot-press phenol-resin but has the unique
property of setting at ordinary room temperatures with only
light pressure. It is particularly adaptable for use on
rough surfaces because of its gap-filling properties and its
cohesive strength. In addition, a moderate amount of filler
and extra water may be used with the resin without impairing
the quality of the bond.
The following proportions by weight were used In mixing
the glue:
Cascophen resin 100 parts
Catalyst 15 "
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"Glufll" extender^ 20 parts
Extra water 15 "
All measurements were carefully weighed and mixing done by
hand. The batches were small to facilitate ease of mixing
and so the catalyst and extender would be thoroughly dis
persed throughout the mixture. The filler was added to give
the glue more body and to further its gap-filling properties.
Test specimens
For the shear block tests, assemblies consisting of
three laminae 4 in* in width and about 24 in* long were made
up. The material used waa unsurfaced Douglas fir (Pig* 7),
the outer laminae being 1 in. in thickness and the center
lamination 2 in. The 24 in* units were nailed and glued to
gether and allowed to cure. After curing they were sawn into
4 in. lengths, so that each teat block contained two glued
surfaces 4 in. square. One nail was used for each 8 sq. in.
of glue area which meant that a total of 4 nails were used
in a test block, 2 being driven from each side through an
outer lamination and penetrating the center-
In addition to the test units constructed with the
grains of all three laminae parallel for loading parallel to
the grain, other units were constructed with the grain of the
two outer sections perpendicular to the grain of the center.
Trade name of a finely divided walnut shell flour
manufactured by the Casein Company of America
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Fig. 7. Section of a rough Douglas
fir board
Fig. 8. Testing Jig with test
specimen in place
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In testing the latter, load was applied perpendicular to the
grain of the center section*
Glue was spread onto both surfaces to be Jointed by means
of a stiff bristle brush and in sufficient quantity that a
small amount of glue would be squeezed out at the edges of the
Joint when the nails were driven.
It was decided to rip saw some of the unsurfaced material
so as to provide smoother gluing surfaces in making up some
additional samples. A comparison was desired between the
strength of Joints made from a sawn surface and the original
untreated rough surface* A more Intimate contact of sur
faces was possible when using the ripped material; therefore,
a thinner film of glue was required*
In order to observe the effect of the moisture content
of the wood on the strength of a glued Joint of rough lumber,
samples were constructed from material of three different
moisture contents; namely, 7 per cent, 16 per cent, and 30
per cent. The moisture content of the wood was measured by
use of a Tag-Heppenstall moisture meter. In the case of
lumber having 30 per cent moisture a different method was
used since the maximum reading on the meter scale did not
run high enough. The procedure in determining the moisture
content of this wood was to weigh small samples in their
original condition and again after heating in an oven, until
the weight became fairly constant. The original weight minus
the final weight was taken as the moisture content*
-29-
Serles 1» Samples from unsurfaced lumber having a
moisture content of 7 per cent were made up using both casein
and resorclnol-resln. In addition, other samples were con
structed from rip sawn material*
These units were made up for loading parallel to the
grain; that Is, the specimens were constructed with the grains
of all three laminae parallel*
Series II. These samples were made up from unsurfaced
lumber of 16 per cent moisture content* Half of the samples
constructed were fastened with casein glue and 8d box nails,
and half were fastened with resorclnol-resln and 7d box nails.
Units were constructed for loading both parallel and perpen
dicular to the grain.
Series III. Specimens from unsurfaced lumber of 30 per
cent moisture were also constructed for both parallel and
perpendicular loading. The fastening used was resorclnol-
resln and 7d box nails- Only 5 parts water were added to the
glue mixture so that curing would not be retarded by excess
moisture. Some water was needed to give the glue a consist
ency favorable to ^reading on the wood since the addition of
O-lufil makes the mixture bulky and stiff.
Quantity of glue required. In order to compare the
amount of glue required for making a Joint of unsurfaced lumber
to the recommended spread for smooth surfaces, severeil of the
units used in making up the test blocks were weighed before
and after applying the glue. It was found that for casein
-30-
glue from 120 to 130 grams per square foot of glue area had
been used* This amounts to about 2-1/2 to 3 times the
recommended spread for oaooth surfaces* In the case of cas-
cophen-resin glue, it was found that from 70 to 80 grams per
sq« ft* had been used which is from 2-1/4 to 2-1/2 times the
recommended spread for smooth surfaces*
Testing procedure
Load was applied to the shear samples by means of a
Southwark-Smery testing machine of 300,000 lbs* capacity.
The rate of ascent of the moving head of the machine was
.05 in» per minute. The blocks were placed in a Jig (Fig.9)
designed by Henderson (6) which maintained alighment to be
sure that the load was applied parallel to the glue line.
Load was applied continuously until failure occurred in the
Joint. Both of the outer sections of a unit were sheared
off in turn and the load at failure recorded for each.
Discussion of results
For each series of specimens tested a table was prepared
to show the results of the tests. The tables record the di
rection of loading, the load causing failure in the Joint,
the unit shearing stress in the Joint at maximum load, and
the percentage of wood failure occurring over the sheared
surface*
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The principal failures In the tests of unsurfaced lumber
specimens occurred In the wood. Owing to the nature of the
wood surfaces, a large part of the failures were a result of
the raised fibers and splinters being sheared or pulled from
the sound wood underneath. Because of the weakness of the
fibers on the surface a Joint failure of even 100 per cent
wood failure might result In a comparatively low strength.
In most instances, shear In the wood only took place as far
down as the base of the raised fibers. When shearing took
place to a greater depth the strength of the Joint was im
proved. Although the percentage of wood failure as recorded
in the results may have some significance in comparing the
strength of the Joints, it is not a fair Index to the strength
of the Joint due to the lack of uniformity in the surface
structure of the various samples.
Results of Series I. The results of tests on Joints
from unsurfaced lumber fastened with casein glue and 8d
common nails are given in Table 1* The average shear strength
of these Joints for parallel loading was 668 lbs. per sq. in.
The Forest Products Laboratory (21) has conducted similar
tests on surfaced Douglas fir lumber fastened with casein
glue and one 8d common nail for each 6-1/4 sq. in. of glue
area. The average shear strength reported from these tests
was 1015 lbs. per sq. ln« In compariaon with the tests by
the Forest Products Laboratory, Joints from unsurfaced Imber
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Table I. Shearing Strength of Casein Olue Used on Un-
surfaeed Lumber of 7 Per Cent Moisture Content
Direction Curing Fastening Maximum Ultimate Failure
of load- period load shear
in« stress
lbs Ibs/sq.in • i
Parallel 7 days 8d common 13,750 860 45 wood
to grain nails 15,000 935 65 II
11,000 690 65 8
13,750 860 65 N
11,000 690 55 tl
11,000 690 40 8
11,750 735 60 H
11,000 690 45 H
11,000 690 45 H
13,800 862 65 H
10.300 645 25 H
13,800 862 60 R
8,300 518 35 tt
11,000 690 50 •
10,300 645 40 n
13,800 862 60 n
11,000 690 60 N
11,000 690 55 H
8,300 518 30 N
11,000 690 40 n
8,300 518 45 •
8,300 518 25 R
6,900 430 30 II
6,900 430 55 H
9,350 585 35 R
9,600 600 40 R
8,550 535 30 H
11,000 690 30 H
9,600 600 30 M
11,000 690 60 H
9,000 562 35 R
12,050 755 70 H
10,300 645 35 R
11,000 690 49 R
11,000 690 60 R
12,400 775 70 R
7,600 475 35 R
13,100 818 45 R
6,900 430 30 R
13,100 818 55 H
9,600 600 40 R
11,000 690 45 R
Av* 668
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^re 66 per cent or a little over half as strong as Joints
from surfaced lumber*
The results of tests of samples In which 7d box nails
were used to provide pressure to the glued Joint are given
In Tables II and III. Note that the rough samples glued with
resorolnol-resln had a higher average shear strength than
those glued with casein glue- This difference Indicates that
resorcinol-resin has superior gap-filling properties. Both
glues tested offered considerable resistance to shear in the
glue line even though comparatively thick films of glue were
necessary to bridge all the gaps between the wood surfaces.
Typical failures are shown in Fig. 10.
The average strength of Joints assembled from rip sawn
material (Table IV) was about the same as that of Joints of
unsurfaced lumber having the same fastening. It may be noted
from Fig. 11 that when failure occurred In a Joint having rip
sawn surfaces, the wood fibers sheared off in a thin layer
over the Joint area. The occurrence of failure In this manner
may be explained by the fact that many of the fibers on the
sawn surface had been out in a direction diagonal to their
longitudinal axes by the teeth of the saw, thereby weakening
them as anchors for the glue.
Results of Series II. The results of tests on Joints of
16 per cent moisture content are given In Tables V and VI. In
these tests the average strength of parallel loaded speolmens
was approximately the same as that for Joints having 7 per
-35-
Table II* Shearing Strength of Casein Glue Used on Un
surfaced Lumber of 7 Per Cent Moisture Content
Direction Curing Fastening Maximum Ultimate Failure
of load- period load shear
Ins stress
lbs ibs/sq.ln. h
Parallel 7 days 7d box 7,000 437 40 Wood
to grain nails 7,950 496 85 "
7,950 496 40 •
6,400 400 20 "
9,700 606 55 •
10,650 665 70 *•
9,900 616 95 »
8,600 537 70 "
9,100 570 60 •
9,500 595 70 "
Av« 542
Table III. Shearing Strength of Resorclnol-Resin Glue Used
on Unsurfaced Lumber of 7 Per Cent Moisture Content
Direction Curing Fastening Maximum Ultimate Failure
of load- period load shear
in^: stress
lbs Ibs/SQ.in. %
Parallel 7 days 7d box 12,500 780 80 Wood
to grain nails 9,375 585 80 i
5,650 352 25 H
10,600 662 65 M
9,050 565 55 M
15,000 940 65 U
12,500 780 80 H
15,000 940 40 II
12,500 780 70 H
14,500 906 85 H
Av. 729
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Flg. 10. Failures in rough lumber Joints of 7 per cent
moisture. Resorclnol-resln glue, loaded par
allel to grain.
I
Fig. 11- Failures In rip sewn lumber Joints of 7 per cent
moisture. Resorclnol-resln glue, loaded parallel
to grain.
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Table IV. Shearing Strength of Resorclnol-Resln Glue Used
on Rip Sawn Surfaces of 7 Per Gent Moisture Content
Direction Curing Fastening Maximum Ultimate Failure
of load period load shear
ing stress
lbs lb8/8q*ln.
Parallel 7 days 7d box 15,000 940 98 Wood
to grain nails 6,900 430 75 "
11,250 700 65 "
11,900 744 85 "
11,250 700 100 "
12,500 780 85 "
7,500 470 95 "
12,500 780 80 «
7,500 470 95 «
12,500 780 80 "
15,650 980 96 "
6,250 390 100 «
Av . 691.4
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Table V* Shearing Strength of Caaein CS-lue Used on Unsurfaced
Lumber of 16 Per Cent Moisture Content
Direction Curing Fastening Maximum Ultimate Fasten
of load- period load shear ing
InK stress failure
lbs lbs/sq«ln.
Parellel 7 days 7d box 6,350 520 85 Wood
to grain nails 8,300 518 65 •
7,850 490 70 a
10,975 685 90 n
8,025 500 60 It
9,700 605 95 H
10,700 670 90 H
7,750 485 65 n
10,650 665 90 H
9,475 590 85 U •
Av. 572.8
Perpen 7 days 7d box 3,800 238 95 Wood
dicular nails 3,400 212 95 «
to grain 4,700 294 95 If
4,100 256 95 H
4,600 288 98 H
3,700 230 98 Q
3,700 230 98 H
3,200 200 98 9
3,500 218 98 n
3,700 230 98 H
Av. 236.6
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Table VI. Shearing Strength of Resorclnol-Resln Glue Used
on Unsurfaced Lumber of 16 Per Cent Moisture Content
Direction
of loading
Curing
period
Fastening Maximum
load
Ultimate
shear
stress
Failure
•
lbs Ibs/sq.in.
Parallel 7 days 7d box 9,150 572 90 Wood
to grain nails 11,250 700 90 «
9,600 600 90 "
10,600 663 100 "
10,450 654 90 "
14,250 890 95 "
11,000 688 98 "
15,200 950 95 "
15,200 950 100 •
7,200 450 90 "
Av . 711.7
Perpen- 7 days 7d box 4,450 278 100 "
dlcular nails 3,600 225 100 "
to grain 4,300 268 100 "
3,400 212 80 "
4,200 262 100 «
3,500 218 85 «
3,950 247 100 "
3,700 230 90 "
4,700 294 100 «
3,650 228 90 •*
Av . 246.1
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cent moisture# Typical failures are shown in Fig. 12-
Apparently, unsurfaced wood of 16 per cent moisture can be
glued as effectively as wood of 7 per cent ffiolsture with
either of the two glues tested.
Wood is much weaker in a direction perpendicular to the
grain as affirmed by the marked reduction in strength of the
specimens loaded in this direction. The longitudinal fibers
of the center lamination of the test units, to which the load
was perpendicular, gave the appearance of having been rolled
away from the wood surface. Fig. 13 shows the character of
failure* Both glues used in these test units produced Joints
of approximately the same strength for this type of loading.
Giese and Henderson (6) tested the sheer strength of
surfaced Joints fastened with casein glue and 7d box nails.
In these tests failure occurred at an average of 920 lbs. per
sq. in. for parallel loading and 430 lbs. per sq. in. for
perpendicular loading. The average shear strength of un
surfaced Joints using the same glue and fastening was 572 lbs.
per sq. In. and 236 lbs. per sq. in. for parallel and perpen
dicular loading, respectively. In comparison, the Joints
from unsurfaced lumber were 62 per cent as strong as Joints
from surfaced lumber when loaded parallel to the grain and
55 per cent as strong when loaded perpendicular to the grain.
The allowable horizontal shearing stress of Douglas fir
for use in design varies from 120 to 150 lbs. per sq. in.
On the basis of the higher of these two values, casein glued
-41-
%
Fig. 12. Failures in rough lumber Joints of 16 per cent
moisture, loaded parallel to grain. Bottom,
casein glue; top, rescrcinol resin.
Fig. 13. Failures in rough lumber Joints of 16 per cent
moisture, loaded perpendicular to grain;
Bottom, resorcinol-resin glue; top, casein-
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Jolnts of unaurfaced Douglas fir having 16 per cent moisture
provide a factor of safety of 3.6 for parallel loading. Re-
sorcinol-resin glued Joints provide a factor of safety of
4.7.
Casein glued Joints loaded perpendicular to the grain
had an average sheer strength of about 235 lbs. per sq. in.,
She corresponding value for resorcinol-resin being about 245
lbs- per aq. in. If a factor of safety of 2 is applied to
the lower of these two values, a design stress of approxi
mately 120 lbs. per sq. in. could be used in the design of
either casein or resorcinol-resin glued Joints loaded x^er-
pendlcular to the grain.
Results of Series III. The strength of resorcinol-
resin glue Joints of 30 per cent moisture content, loaded
parallel to the grain, showed a reduction of about 30 per cent
from that of similar units having 16 per cent moisture. Joints
loaded perpendicular to the grain were only about one-fourth
as strong as for parallel loading (Table VII).
Moisture readings taken prior to testing after a 10-day
curing period showed the moisture content In the ends or
cross-section of several samples to be approximately 8 per
cent and on the sides or radial surface, approximately 14 per
cent. After the tests had been run, moisture readings of
several of the sheared glue surfaces indicated a moisture
content of 20 to 24 per cent. Thus, a considerable moisture
gradient had set up in the samples during curing. Rapid
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Table VII. Shearing Strength of Resorclnol-Resln Glue Used
on Unsurfaced Lumber of 30 Per Cent Moisture Content
Direction
of load
ing
Parallel
to grain
Perpen
dicular
to grain
Curing
period
10 days
10
days
Fastening Maximum Ultimate Failure
load shear
stress
lbs Ibs/sq.ln. iL
5,250 390 75 Wood
8,500 530 70 H
5,600 350 55 H
8,750 545 80 U
7,500 470 70 11
7,500 470 85 n
7,500 470 75 II
8,750 545 8'0 H
9,050 565 70 a
8,100 505 73 n
9,700 605 75 H
6,400 400 65 H
5,000 312 45 R
8,500 530 72 N
9,500 595 70 II
6,900 430 65 II
7,000 438 75 H
6,900 430 35 H
7,000 437 65 H
Av. 474.5
1,650 103 58 H
1,600 100 50 H
1,825 114 60 H
1,630 102 35 H
1,760 110 68 H
1,870 117 65 H
1,730 108 46 H
1,600 100 27 H
1,680 105 50 n
1,360 85 40 H
7d box
nails
7d box
nails
Av« 104*4
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drylng had taken place In the ends of the samples causing
cracks and checks to appear but the Inner wood along the
Joint had not had time to dry out.
Lower shearing strengths can be accounted for by the
weakened condition of the fibers adjacent to the glue line
due to the moisture retained there at the time of the tests.
The character of failure in these tests was somewhat dif
ferent from that occxirring in other tests. Instead of a
sudden and decisive slip as had occurred in the teats of dry
specimens, the Joints yielded slowly as the load was applied.
Examination of the shear surfaces revealed that the fibers
adjacent to the glue line had been pulled away from the wood
surface and bent down Instead of being broken off abruptly.
It is believed that a longer curing period would have
resulted in higher shearing strengths for the Joints of high
moisture content. A more thorough drying of the fibers ad
jacent to the glue line would increase their strength. As
soon as wood takes on moisture it becomes much weaker.
G-lue Joints as seen under high magnification
Examinations were made of some of the glued Joints to
determine whether the pressure supplied by nails had been
effective in forcing the glue to all parts of the wood sur
face and to determine, if possible, whether there had been
any penetration of glue into the wood cells of the sound
wood*
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According to Perry (13), one of the oldest and most
widely accepted views about the adhesiveness of glue is that
it gains access, while fluid, to the cavities in the wood
structure and then solidifies. The resulting strength of
the Joint is then credited to the interlocking of the harden
ing glue tentacles and the wood. This, however, is less than
the whole truth because it is well known that smooth surfaces
such as metal and glass can be made to adhere with certain
types of glue and with a much greater tensile strength than
an independent film of the same glue. The fonner concept of
adhesion is termed mechanical, while the latter is known as
specific adhesion.
Small sections were cut from the center of some typical
fl€unples of both rough lumber and rip-sawn Joints for the
study at high magnification. They were sanded to as smooth
a surface as possible, using a fine grade of garnet paper-
Study of the sections and of the photomicrographs led
to the conclusion that the pressures supplied by nails had
little effect on penetration- Little penetration occurred
other than into the cavities, open cells, or rays that opened
Immediately on the glue spread surface. Apparently, the glue
is unable to pass through the cell walls and penetration can
only take place through the openings in the cell structure.
Probably both of the concepts concerning the theory of adhe
sion play a part in giving strength to this type of Joint,
although there is no way of evaluating the contribution each
makes. «
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Two transverse sections of Joints are shown in the
photo-micrographs of Fig. 14 and 15. The Illustration of
Fig- 14 is the glue line of a Joint made up of unsurfaced
lumber, and Fig. 15 is the glue line of a Joint having rip-
sawn surfaces. The former exhibits a very irregular glue
line of varying thickness. It can readily be seen that such
a surfact provides a poor anchorage for the glue# It is Im
possible for the irregular surfaces to mesh well, thus neces
sitating a glue line of comparative thickness. It Is a known
fact that the thinner the glue line, the stronger the bond.
The rip-sawn surfaces in Fig. 15 appear more regular,
although there are some irregularities due to the hitting of
the saw teeth. From the tests of the rip-sawn Joints, it
was evident that many of the surface fibers had been crushed
by the saw for when they were tested the failures showed a
thin but complete coverage of wood fibers on the glue line.
Conclusions
Due to the rough and porous nature of unsurfaced lumber,
more glue is required to make satisfactory glue Joints. In
light of this fact and, also, that a stronger glue bond is
possible when using surfaced lumber, it is recommended that
if a considerable amount of glue Joint fabrication is to be
undertaken, surfaced lumber be used or that rough lumber be
prepared for gluing by planing.
Fig. 14.
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Photo-micrograph of a transverse section of a
rough lumber glue line. Magnified 30 times.
Fig- 15. Photo-micrograph of a transverse section of glue
line between rip-sawn surfaces. Magnified 30 times.
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The following considerations summarize the findings and
conclusions reached from this study:
1* The average shear strengths of nailed and glued
Joints from unsurfaoed limber are from 50 to 70 per cent as
great as the average strength developed by similar Joints
from surfaced lumber*
2# The lower average strength of glued Joints from un
surfaoed lumber Is attributed to:
a. an Increase in the average thickness of the
glue line
b. the weakness of the surface fibers to which
the glue is anchored.
3. Gluing unsurfaoed lumber requires from 2 to 3 times
the quantity of glue recommended for use on surfaced lumber.
4. For maximum strength in a glued Joint of rough lumber
it is Important that both surfaces to be Joined are spread
with glue In order to be sure that glue fills all depressions
on the wood surface•
5. Resorcinol-resin glue gives a higher average shear
ing strength on rough lumber than casein glue-
6. Rough lumber of 16 per cent moisture content can be
glued as effectively as rough lumber of 7 per cent moisture.
7* Rough lumber surfaces and rip-sawn surfaces provide
glue Joints of approximately equal strength when pressure is
supplied by nails.
8* G-lue Joints can be made from unsurfaoed lumber of
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30 per cent moisture with resorclnol-resln glue but the
strength of such joints Is materially Impaired.
9. The pressure supplied by nails Is apparently not
sufficient to cause glue penetration Into the wood cells-
10« On the basis of an allowable horizontal shearing
stress of 150 lbs. per sq. In., casein and resorclnol glued
and nailed Joints of unsurfaced Douglas fir having a mois
ture content of 16 per cent or less provide factors of safety
of 3.6 and 4.7, respectively, for loading parallel to the
grain.
11. Applying a factor of safety of 2 to the average
strength developed by glued and nailed Joints of unsurfaced
Dot^laa fir having 16 per cent moisture, the recommended de
sign stress for loading perpendicular to the grain Is 120
lbs. per sq- in. for both casein and resorclnol-resln glue.
Tests of Glued and Nailed
Angular Splice Joints
Introduction
Angular joints employing relatively short gusset plates
glued and nailed to the members are potentially adaptable
for gambrel roof rafter Joints and rigid fastening between
rafters and studs for any framing system. Fastened in this
manner, the Joint approaches a rigid frame type of construc
tion in that the members have little movement relative to
-50-
one another. This type of joint offers a substantial saving
in material over other conventional methods of fastening,
which require long ties and braces. The bracing members not
only require more material but also constitute obstructions
which interfere with normal operations inside the structure.
A study has been made of the angular glued Joint through
out the conduct of a series of tests. The objective of these
tests was to develop some of the details relating to the de
sign and construction of this type of Joint. The size and
shape of gusset which gives the maximum efficiency was con
sidered and also the best method of fitting the rafter ends.
Assembly of test .joints
Specimen Joints were made up for testing in which two
basic methods of fastening were used (Fig.16). Members were
of 2x4 and 2x6 lumber, the 2x4 members being No» 1 common
Douglas fir and the 2x6 members, No. 1 common hemlock. Q-us—
sets were made from one inch lumber, both No. 1 common Douglas
fir and white pine being used. The gussets were made from
the same width lumber as the members to which they were fas
tened; that is, 1x4 gussets were used with 2x4 members, etc.
The members were Joined at varying degrees of Inclination,
representing the range between a straight Joint and a right
angle. Three magnitudes of angle (Pig. 16) were repre
sented. Group 1 consisted of joints having an angle Q-m 15°,
group 2, angle 0-= 30°, and group 3, angle e-ss 60°.
S-T1N/-U3a
riS)Q
\/-Sd/SI.
-IS-
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The two types of gusset plate used In test Joints
will be referred to as type "A" and type "B" (Pig. 16).
Each Joint was given an abbreviated designation; for example,
1-A (W«P.) means the Joint belonged to group 1, the gussets
were type A and made of white pine- Complete joint speoi-
fioations are given in Table VIII.
Casein glue was applied to both the gussets and members
by means of a stiff bristle brush and the gussets were in
turn nailed in place. After spreading the glue, the pieces
were set aside for a period of five minutes or less to allow
the glue to become tacky before nailing the gussets to the
members. A nail spacing of four inches was used in fastening
the gussets- A curing period of two days or longer was allowed
the Joints before testing.
Test apparatus and procedure
The apparatus used in testing the Joints is depicted in
Pig- 17. The Joints were tested over a 40 in. gage length,
one end of the test unit being supported on top of a 6x7 In.
built up column and the other end by a clevis suspended from
the scale beam of a Buffalo scales. The scales had a maximum
capacity of 5100 lbs. and was sensitive to 2 lbs. Bearing
plates were used at each support between the narrow face of
the member and the round pin supports to prevent the wood from
crushing as the lo-d was applied. The orecimens were placed
in the apparatus with a clevis clamped directly over the
-53-
Table VIII. Joint Specifications
Size : G-usset
of : TyperMaterlal: H ! L d : c : Nail B per
rafter: •
•
•
• •
« •
•
•
•
• RUSset
in. in. in. in*
GROUP 1 AnKle-^= 15°
2x4 A D»F. 3-5/8 24 14-1/2 1 12 - 7d box
2x4 A W.P. 3-5/8 24 14-1/8 1 12 H M
2x4 B D.F. 3-5/8 28-1/2 15 14 H H '
2x4 B W.P. 3-5/8 28-1/2 15 14 H H
2x6 A D.F. 5-5/8 24 14-1/2 1 12 - 8d common
2x6 A W.P. 5-5/8 24 14-1/2 1 12 H a
2x6 B D.F. 5-5/8 42 21 16 H N
2x6 B W.P. 5-5/8 42 21 16 n H
GROUP 2 - An^le-^- 30
0
2x4 A D.F. 3-5/8 24 15 2 12 - 7d box
2x4 A W.P. 3-5/8 24 15 2 12 N H
2x4 B D.F. 3-5/8 18 11-3/4 9 H H
2x4 B W.P. 3-5/8 18 11-3/4 9 M n
2x6 A D.F. 5-5/8 24 15 2 12 - 8d common
2x6 A W.P. 5-5/8 24 15 2 12 H H
2x6 B D.F. 5-5/8 24 14-1/2 10 II If
2x6 B W.P. 5-5/8 24 14-1/2 10 H H
GROUP 3 - Anp:le-^>-= 60 0
2x4 A D.F. 3-5/8 20 10-1/2 3 16 - 7d box
2x4 A W.P. 3-5/8 20 10-1/2 3 16 N •
2x4 B D.F. 3-5/8 16 14 12 H H
2x4 B W.F. 3-5/8 16 14 12 N N
2x6 A D.F. 5-5/8 24 10-1/2 3 10 - 8d Common
2x6 A W.P. 5-5/8 24 10-1/2 3 10 - n N
2x6 B D.F. 5-5/8 20 16-3/4 10 H a
2x6 B W.?. 5-5/8 20 16-3/4 10 N n
-54-
Jt O O
t
0^
Fig. 17. Apparatus for testing angular splice Joints
-55-
mldpoint of the Joint, affording a means of applying a load
at the center. The clevis was fastened to a turnbuckle which
was. In turn, anchored to the floor by means of two 4 In.
channel Irons bolted together* The slack could be taken out
of the apparatus by tightening the turnbuckle.
At the end of the scale beam, load was applied by
turning a micrometer screw which raised the clevis In which
the end of the test Joint was seated. A circular scale which
turned with the screw was calibrated from 0 to ,230 In. and
afforded a means for measuring the deflection of the Joint.
A Starret dial deflection gauge recorded the deflection of
the anchor beam at the point where the turnbuckle was bolted
onto It. Readings were taken from the dial gauge after the
application of each increment of load so that the readings
taken from micrometer gauge could be corrected for the deflec
tion of the anchor beam.
The specimens wer© placed in the apparatus and the
dial on the micrometer screw set at zero. The poise on the
scale was initially advanced to 100 lbs. and the scale beam
brought into floating balance by tightening the turnbuckle.
This initial load was applied to remove the play from the
apparatus. Load was then applied by turning the micrometer
screw. The poise was advanced in 50 lb. Increments when
loading the 2x4 Joints and in 100 lb. increments when loading
the 2x6 Joints. Deflection readings were taken after the
application of each increment of load while the scale beam
-56-
was in floating balance* This procedure was continued until
failure occurred in the Joint.
Strength properties of the .joints
The most Important information obtained from each test
was the maximum load supported by the Joint, the maximum fiber
stress developed in the gussets, the maximum shear in the
glue line, and the manner of failure of the joint. The data
are summarized in Tables IX and X.
Maximum fiber stress. The usual computations for de
termining maximum fiber stress of a beam in static bending
were applied to determine the stress induced in the gussets.
Mc
The formula S = ST was used, in which
3 » fiber stress at the extreme distance from
the neutral axis of the gussets (lb. per sq. in.)
M = bending moment at the center of the Joint
(in. - lb.)
c = distance from the neutral axis of the gussets
to the extreme fiber (in.)
I = moment of inertia of the cross section of one
gusset about the neutral axis (in.^)
Maximum shear stress ^ glue. As the load was applied
to a Joint, its glued area was subjected to torsional stress.
Since the stresses developed by torsion are shearing
stresses, a relationship may be established between the ex
ternal moment and maximum unit shear in the glue line by use
-57-
Mc
of the formula S = ^ , In which
S • maximum unit shear in glue (lb. per sq. In.)
M = bending moment at the center of gravity of
the glued area In the splice (In.-lb.)
c = distance from the center of gravity of the
glued area to the most remote point on the
glued area (In.)
J = polar moment of Inertia of the glued area
about an axis perpendicular to the plane
of the gusset which passes through the
center of gravity of the area (in.^).
Before application can be made of the above formula for
detennlnlng shear stress, the center of gravity of the glued
area must be found* No calculations were necessary to locate
the center of gravity of the B type gusset glue area. For
the A type gusset the general expressions tP = ^(Ax) and
7 - ^ (Ay) were used to determine the center of gravity area-
^ A
axes. The Intersection of these two axes locates the center
of gravity of the area. Applying the alphabetical symbols as
designated in Fig. 18, the above formulas become*
. ^ \
ab - a.2}>l - ^^2
—2— "2—
y -
ab -
-58-
When the location of the center of gravity of the glued
area was known the moment of Inertia of the area was determined
with respect to the centroldal axes, 2 and S, in the plane of
the gusset. The moments of Inertia of the glued area were
first determined with respect to an axis parallel to the x
axle and passing through the lower edge of the gusset to
which values the transfer formula coule be applied to find
the moments of inertia with respect to axes x and y.' Again
referring to the notations of Fig. 18,
ba^ - /'a -
=~3~ IT- lyr- \~~S-J Wy
^y=
- (ab - - ®2^2)/
- (ab - ^1^1 - ^^2) X
"5—
(^) (' ->)]
The polar moment of inertia with respect to an axis perpen
dicular to the plane of the gusset which passes through the
centroid of the area is equal to the sum of I and I •
X y
To determine the distance c in the A type gusset
c= \/(b - x)^ (a - y)^
Since the glued area of the type B gusset is symmetrical
the computation of its polar moment of inertia is less
-59-
TVpei a.
Tvp'e: R> <Su:
-60-
arduQus than In the previous case. Referring again to the
system of notation used in Fig. 18,
, '^(if
- —15 + —xs
- i_{t)a^-f-ah^)
48
b
The c diatfiince of the gled area is equal to S .
Results of teats on 2x4 splice Joints
The results of these tests are summarized in Table IX.
Figs. 21, 22 and 23 are stress strain diagrams showing the
relation between load and deflection for each joint tested.
A brief description will be given of the results in each
group of tests.
G-roup 1 Angle & - 15*^- The maximum loads sustained by
the four Joints of this group ranged from 2800 to 3900 lbs.
The two Joints having type A gussets carried an average load
of 3550 lbs.; the two Joints having type B gussets carried
an average load of 3050 lbs.
The Joint taking the maximum load for the group was
1-A(D.P.), which developed a fiber stress in the gussets of
11,400 lbs. per sq. in. The modulus of rupture of straight
grained Douglas fir, coast type, is 11,700 lbs. per sq. in.
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Flg# 19 shows the character of failure in this Joint• A
decisive tensile break occurred near the middle of the gus
sets after 3,900 lbs. had been applied at the center of the
Joint,
Failures in the Joints having type B gussets occurred
both in the rafter members and in the gussets. First, a
break occurred in the tapered end of the rafter member on
its lower side near the vertex of the Joint. This failure
was followed shortly by tension failure and splitting In the
gussets near the break In the member.
Group 2 Angle 50°. The range in maximum load for
this group of tests was from 2,100 to 3,800 lbs, a difference
of 1,700 lbs between the weakest and strongest Joint. The
type A gussets carried an average load of 3,550 lbs, the same
as the average carried by the type A gussets of Group 1.
The average load carried by the two type B gussets was
2,200 lbs.
Joint 2-A(D.F.) was the strongest Joint of these four
tests. Failure in this Joint occurred after a load of 3,800
lbs had been applied at the center. A fiber stress of
11,110 lbs per sq. in. was Induced in the gussets which failed
by splitting frcan the ends.
Failure of the other Joint having type A gussets,
2-A(W.P.), is shown in Fig. 24. The failure in this Joint Is
a good example of tension failure In the gussets. It was
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2-A(W.P) *
Type A gussets of white pine
2-B(DF)
Type B gusset of Douglas fir
Pig. 24. Failures in gussets fastened to 2x4 rafter members
(Angle-^s 30®)
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brought about by a load of 3,300 Iba. and there was no evi
dence of glue failure.
The type B gussets failed in the manner described -for
Joints of Group 1. A typical failure of one of the Joints,
2-B(D.F.), appears in Fig. 24. The glue failure, which
occurred underneath the beveled ends of the gussets, can be
detected along the upper edge of the gusset. The gussets
also split from the ends.
group 3 Angle B = The Joints of this group sus
tained loads ranging from 1,400 to 2,300 lbs. Joints having
type A gussets carried an average load of 2,250 lbs- and the
type B gussets an average of 1,500 lbs.
The type A gussets, especially, showed a marked decrease
in strength as compared to the same type Joints of the two
previous groups of tests. The type A gussets used in the
Joints of these tests, however, were 4 in. shorter than those
used in the first two groups, thereby reducing their glue
areas considerably. A 30 per cent reduction in glue area
accompanied the increase of angle from 30° to 60°.
Failure in. the strongest type A Joint, 1-A(W.P#), occurred
as a tension failure in one gusset and splitting in the
other. The Joint was loaded to 2,300 lbs., developing a fiber
stress in the gussets of 6,725 lbs. per sq. in.
The gussets of type B failed by splitting from the
beveled ends. There were prominent glue failures underneath
the beveled ends of the gussets.
-68-
Results of tests on 2x6 splice .joints
The data summarizing the tests on 2x6 splice Joints are
given in Table X. Stress-strain diagrams for eaoh angle of
tested are shown in Figs* 25, 28 and 29.
group 1 Angle B » 15^* Maximum loads in this group of
tests ranged from 3,800 to 7,200 lbs. Joints having type A
gussets carried an average load of 6,600 lbs. while the
average for the Joints having type B gussets was 4,550 lbs.
Joint 1-A(D.F.) carried the maximum load of the group,
7,200 lbs. The fiber stress corresponding to this load was
8,735 lbs. per sq. in. The character of failure in this Joint
is shown in Fig- 20. The gussets of the Joint failed by
splitting from the ends. Indicating that at ISast partial
glue failure toward the ends of the gussets caused a concen
tration of stress across the grain.
Failure in the Joints having type B gussets occurred
first as a break in the tapered ends of the rafter members
on the under side of the Joint followed by tension failure
in the beveled ends of the gussets. There were no evidences
of glue failure in the Joints.
G-roup 2 Angle & « 30*^. The range in loads carried by
these four tests was from 4,000 to 6,600 lbs. The average
for Joints having type A gussets was 6,400 lbs.; the average
for Joints having type B gussets was 4,400 lbs.
The Joint which carried the maximum load of the group
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was 2-A(W,P.) which failed under 6,600 lbs. The fact that
the white pine gussets of type A carried a load 400 lbs.
greater than the Douglas fir gussets is attributed to a glue
failure in the latter. Although failure occurred in much
the same way in both Joints, a glue failure on one side of
Joint 2-A(D.F-) allowed one end of the gusset to slip before
any sort of failure took place In the gusset. The failure
of this Joint is shown in Fig. 26. In the picture on the
right, note the glue failure along the upper edge of the
gusset.
Failures In Joints having type B gussets were similar
to those In Group 1. Failures were both In the rafter mem
bers and gussets. Pig. 27 shows the failure of Joint 2-B(W.P.)
which carried a load of 4,800 lbs. In the left picture,
note the tension failure in the tapered end of the gusset
near the center of the Joint. In the picture on the right
a small arrow points to the location of the failure in the
rafter member on its lower face. The only glue failure In
this Joint occurred near the break in the rafter member.
Group 3 An^le & = 60^. Joint failures In these four
tests occurred at loads ranging from 2,200 to 4,800 lbs.
The type A gussets both stood the same load, 4,600 lbs. The
type B gussets carried an average load of 2,800 lbs-
Glue failures occurred in both types of Joints. The
type A gussets split from the ends and showed traces of glue
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fallure. There were also distinct glue failures underneath
the beveled ends of the type B gussets.
In the tests of Joints having type B gussets, the Joint
having white pine gussets stood a load of 3,400 lbs., while
the joint having Douglas fir gussets stood only 2,200 lbs.
An early glue failure at the beveled ends of the gussets in
the latter Joint was responsible.
Discussion of results
The types of failure that occurred when the Joints broke
covered almost the entire range of possibilities that one
might expect to encounter In tests of this sort. Most fail
ures involved either tensile breaks or splitting in the gus
sets. All failures at the glue line involved at least some
wood failure- Broken glue Joints which exhibit wood failure
are considered satisfactory.
The data for the Individual groups of test Joints
reveal that the type A gusset was superior In strength to
type B at all angles of 6" . It may also be noted that greater
fiber stresses were developed by the type A gussets used with
2x4 members than with 2x6 members.
In tests of 2x4 Joints, about one-half of the specimens
having type A gussets failed as a result of tension failure
in the gussets. Tension failures signified that the glue
bond had been sufficiently strong to develop the full strength
-76-
of the gussets. Predominant failures In type B gussets
occurred first as a break in the under side of the rafter
member near the vertex of the Joint, followed by either
tension failure or splitting of the gussets near the point
at which the break in the member occurred. When the test
load was applied, the beveled ends of type B gussets were
subjected to a cross-grain tension* A break in the rafter
member or a failure in the glue Joint concentrated the pull
across the grain, causing them to split readily.
The principal failures of type A gussets fastened to
2x6 members were by splitting. There were no tension fail
ures in any of the gussets indicating that the glued Joint
had not been as effective as in the case of the type A
gussets of the 2x4 Joints. Type B gussets in the 2x6 Joint
tests failed in much the same way as in the 2x4 tests.
Both 2x4 and 2x6 Joints of G-roup 1 having type A gus
sets were of approximately the same average strength as
the corresponding Joints of Group 2, showing the strength of
this type of Joint to rnnain fairly constant within a range
of 15° to 30°. The 2x4 Joints having type Agussets under
went a 35 per cent reduction in average strength when
angle-a-was increased from 30® to 60°. For the same change
in angle, the average strength of the 2x6 Joints of this type
was decreased by 25 per cent. A sharper reduction in glue
area of type A gussets fastened to 2x4 members accounts for
the greater loss in strength in these Joints than in the
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2x6 Joints. The glue area of the 2x4 Joints was reduced
by nearly 30 per cent, while the glue area of the 2x6 Joints
by only 15 per cent. The gussets used for the 2x6 Joints
at an angle of 60® were of the aaiae length as those used for
the other two angles, but the gussets used In the 2x4 tests
at this angle were 4 In. shorter than those used at the
other two angles.
Type B gussets showed a pronounced decrease In strength
for each Increase of angle • The diamond shaped glue areas
of these Joints showed a greater percentage reduction at
each increase In angle -B- than did the glue areas of the
type A gussets; for example. In the 2x4 Joints, the reduc
tion in glue area accompanying each Increase In angle -0-
was almost 50 per cent for the type B gusset while for the
type A gusset It was only 10 per cent from angle a 15°
to angle-^ = 30° and only 30 per cent from angle 2 30°
to angle-^ = 60°. In addition to the reduction in glue area
for each Increase in angle , the angle between the grains
of gussets and members became greater, which had a further
weaicenlng effect. It has been pointed out that two pieces of
wood glued with their grains at an angle form a weaker Joint
than when their grains are parallel. The long bevels on the
ends of the rafter members also had a weakening effect on
the Joint-
Subjected to test loading, the glued Joints behaved
similarly to solid members as testified by the stress-strain
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diagrams. In general, the joints having type A gussets were
allghtly more rigid than those having type B gussets, al
though the behavior of both Joints was quite similar.
In tests of solid timber members the stress-strain
diagram may be used to determine the elastic limit of the
specimen. The point at which the relationship between load
and deflection falls away from a straight line is known as
the elastic limit. In the case of the test Joints described
herein, however, the flattening of the load-deflection
curves does not necessarily represent the elastic limit of
the timber used in the Joint since any slipping of the gus
sets due to a glue failure would throw the load and deflec
tion out of proportion.
The maximum permissible moment for a 2x4 member when
an allowable fiber stress of 2,000 lbs. per sq- in. is used
in design is 7,120 in.-lbs. For a 2x6 member, it is 17,140
In.-lbs- Since the two gussets are of approximately the same
dimensions as the single member to which they are fastened
and to which the above moments apply, the design values may
be applied to the gussets as well as the members.
The momenta at failure for all Joints using 2x4 lumber
ranged from 14,000 to 39,000 in.-lbs. In the case of 2x6
units, the range was from 22,000 to 72,000 in.-lbs. The
minimum Individual failures were 1.97 and 1.28 times as
strong as permitted on the basis of extreme fiber stress for
a 2x4 and 2x6 member, respectively. Since practically all
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Installations on the farm would consist of a number of
identical Joints, rafters or studs, over which the load would
be evenly distributed, the average values would apply and the
factors of safety would be 3-75 and 2.86, respectively, for
the 2x4 and 2x6 member. These comparisons are all based on
a design stress of 2,000 lbs. per in. which is higher than
some designers want to use, even with Douglas fir. Had all
the gussets in these tests been from* Douglas fir lumber, a
still greater factor of safety would have been provided.
Oomparison of three types of glued gusseted joints. In
earlier tests of glued gusaeted Joints conducted by G-iese
and Henderson (7), the gussets were cut so as not to extend
beyond the inner Joint of the framing members, thus simpli
fying the application of insulation board or other inner
walls. Gussets used in the test joints were of two types,
as shown by Fig. 30, using Douglas fir lumber for both gus
sets and members. Load was applied to the teat joints as a
concentrated load at the center. For the purpose of compari
son with the Joints tested by the writer, only those Joints
loaded in the same direction as those described herein were
considered.
The maximum moments developed by these Joints and those
tested by the writer have been compared in Table XI. Joints
tested by Giese and Henderson (7) have been designated type
C. Note that there is no significant difference between the
maximum moments developed by gussets of type B and C, but
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1
Fig* 30* Glued gussets wnloh do not extend beyond
Inner Joint of framing members
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Table XI. Comparison of Moments Developed by Three Types
of Olued G^usset Joints
Type A
15° -32,000
39,000 "
Av.35,500 "
30°- 33,000 in.-lb
38.000 «
Av. 35,600 «
60°- 23,000 in.-lb.
22.000
Av.
15 - 72,000 in.-lb.
60.000 "
Av, 66,000 "
30°- 66,000 in.^.lb.
62.000
At. 64,000 "
60°- 48,000 in.-lb.
48.000 "
Av. 48,000 "
Type B
2x4 Rafters
28,000 In.-lb.
33,000 "
Av. 30,500 " Av.
21,000 in.-lb.
23.000 "
Av. 22,000 » Av.
14,000 in.-lb.
, 16.000 M
Av. 15,000 " Av.
2x6 Rafters
38,000 In.-lb.
53,000 »
Av. 45,500 " Av.
48,000 In.-lb.
40,000 «
Av. 44,000 " Av.
34,000 in.-lb.
22.000 "
Av. 28,000 " Av.
Type
22,600 in.-lb.
23.000 »
22,800 -
23,500 in.-lb
18,350 "
§0,925 "
12,250 in.-lb
18,600 »
15,425 "
45,500 in.-lb
49,700 "
47,50^ "
56,500 in.-lb.
40.400 «
4^4B5 h
46,000 in.-lb.
57.600 »
El SOO "
"^Joints tested by Giese ajid Henderaon (7), Fig.
that the type A gussets are superior to both of the other
types, except In one instance. In the 2x6 Joints, the C
type gussets were superior to both of the other types at
angle = 60®. The reason for the superior strength of the
type C gussets at this angle Is not known*
Maximum moments developed at the Joints of cambrel
roof barns havlnp: stable roof shapes. Dale (2) made graphic
stress analyses of stable shape gambrel roofs In which he
determined moments, shears, and stresses due to wind and dead
loads. By designing the roof in such a manner that the line
of resistance passes through all Joints, Dale was able to
achieve a roof in which there is zero moment at the Joints
under dead load only. The following data are extracted from
the results of his investigation showing the maximum moments
caused at the rafter splices by combined dead and wind load
(70 m.p.h. wind) on different sized barns in which 2x6 rafters
are used-
The Joints at which these moments occur are composed of
2x6 members spliced at angles that do not exceed angle = 30®.
The average failure of 2x6 Joints having type A gussets
In the first two groups of tests occurred at a moment of
65,000 In.-lbs. Considering the maximum moment at the Joints
for all barn sizes given In Table XII, 24,550 in.-lbs., the
moment developed by the test Joint affords a factor of safety
of 2»65. Type B gussets provide a factor of safety of 1.82.
Barn
widths
ft.
36
36
34
34
32
32
-83-
Table XII. Moments Due to Wind Loads
Rafter
lengths
W'
15 & 14
16 & 12
16 Sc 12
14 & 12
14 & 12
14 & 10
Max* moments at Joints
due to 70 m.p.h. wind
Side wind End wind
15,640
16,120
15,620
12,620
12,350
11,910
In.-lbs.
-24,550
-16,160
-16,330
-14,100
-17,610
-10,220
Recommendations. In tests of 2x4 splice Joints it was
noted that about one-half of the joints having type A gus
sets failed as a result of tension failure In the gussets,
which was an Indication that the full strength of the gus
sets had been utilized. In the 2x6 Joints, however, no ten-
slon failures occurred. Most of the failures were by split
ting of the gussets. If the absolute full strength of this
type of Joint Is required, it Is recommended that a 3 ft.
gusset from 1x6 In. lumber be used Instead of a 2 ft. gus
set. Two Joints of type A having 3 ft. gussets were tested
but not included In the tabular results. Douglas fir
gussets of this length developed a maximum moment of 60,000
in.-lbs. and the white pine gussets developed a moment of
47,500 In.-lbs. Both the Joints failed by tension in the
gussets.
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In splice Joints In which the members foim small angles
of the fabrication of Joints with type B gussets was
complicated by the necessity of cutting long bevels on both
members and gussets* If a gusset which does not extend be
yond the inner Joint of the members is required, it Is
recommended that gussets of type C be used for smaller angles
of • The type B and type C gussets are of approximately
equal strength according to the results of this experiment.
Conclusions
1. The average moments developed by all glued and
nailed amgular splice Joints tested provide factors of safety
of 3-75 and 2-86 to the allowable design moments for a 2x4
and 2x6 member, respectively.
2- Type A glued gussets (p.51) are the most adequate
fastening tested for angular splice Joints and ere of almost
constant strength for angles of O- up to 30®.
Type A gusseted Joints would provide a factor of
safety of 2.65 or more to the maximum moments developed in
the Joints of stable shape gambrel roofs subjected to a 70
m.p.h* wind.
4. Type B gusseted Joints (p. 51) would provide a
factor of safety of 1»82 or more to the maximum moments de
veloped in the Joints of stable shape gambrel roofs subjected
to a 70 m.p.h. wind*
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5. Glued gussets of type A, 2 ft. in length, from
1x4 in. Douglas or white pine lumber will develop a strength
in 2x4 angular splice Joints equivalent to the modulus of
rupture of the gusset material-
6. Glued gussets of type A, 3 ft. in length, from 1x6
in. Douglas fir or white pine lumber will develop a strength
In 2x6 angular splice Joints equivalent to the modulus of
rupture of the gusset material.
7. The design load for Joints having type A gussets is
limited only by the allowable fiber stress In the members
making up the Joint.
8. Type B gusseted Joints are not practical for angular
joints of gentle slopes due to the necessity of cutting long
bevels on the ends of gussets and members.
9* White pine gussets, although not as strong as
Douglas fir, give less trouble from splitting when nails are
driven and require leas care in glulnfr.
10. A nail spacing of 4 In. provides adequate pressure
to a glue Joint of the type used in angular splice Joints.
Nails larger than 8d common are not recommended due to the
weakening effect on the members*
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SUimARY
1. The need for adequate Joint fastenings In farm
structures was emphasized.
2. Previous Investigations relating to the use of glue
in farm construction were reviewed.
3. Factors to be considered In the gluing of wood were
STimmarized*
4. The durability of glued construction was discussed.
5. Other timber fasteners were evaluated.
6* The shearing strength of glued and nailed Joints
made up from rough lumber wss Investigated. Two types of
glue were used in the teats: casein glue and resorclnol-
resin glue.
7. Angular splice Joints employing gusset plates glued
and nailed to both aides of the members to be Joined were
tested. Joints for the teats were made up from both 2x4 and
2x6 members and 1x4 and 1x6 gussets.
8. The effectiveness of different types of gussets
was investigated In these tests.
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CONCLUSIONS
1. Satisfactory glued and nailed Joints can be made
using roijgh lumber and casein or reeorclnol-resln glue, but
the amount of glue required Is from 2 to 3 times the recom
mended spread for smooth surfaces.
2. G-lued and nailed Joints from rough lumber are
slightly over one-half as strong as similar Joints from
surfaced lumber.
3- Angular Joints between rafters or rafters and studs,
employing glued and nailed gusset plates on either side of
the Joint, require less material and offer greater strength
and rigidity than conventional methods of fastening.
4. Gussets designated as type A in this study appear
to be the most adequate fastening for this type of Joint and
meet the requirements of ordinary service.
5. The design load that can be used with Joints having
type A gussets is limited only by the allowable fiber stress
for the members making up the Joint.
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Load-Deflection Data for Angular Splice Joints
Load at Deflection at Center
center joint Joint Joint Joint
1-A(W.P0 1-A(D.F0 1-5(W.P.) 1-B(D.P.)
in. in. In. in.
Group 1 - 2x4 Rafters
200 .000 .000 .000 .000
300 .027 .025 .020 .019
400 .050 .049 .039 .042
500 .072 .073 .061 .064
600 .095 .094 .084 .089
700 .116 .110 .102 .107
800 .130 .126 .122 .130
900 .145 .142 .144 .150
1000 .173 .157 .163 .170
1100 .191 .172 .182 .190
1200 .208 .187 .201 .209
1300 .226 .202 .219 .230
1400 .243 .217 .240 .247
1500 .260 .232 .262 .267
1600 .277 .246 .280 .286
1700 .294 .261 .301 .303
ISOO .312 .276 .320 .322
1900 .329 -290 .342 .340
2000 .347 .305 .365 .358
2100 .365 .320 .385 .377
2200 .384 .336 .407 .395
2300 .400 .351 .423 .414
2400 ,419 .366 .447 .435
2500 .438 .382 .459 .453
2600 .452 .397 .492 .475
2'700 .477 .413 .516 .494
2800 .496 .430 .535 .516
2900 .525 .445 .536
3000 .546 .461 .564
3100 .569 .477 .591
3200 .596 .493 .616
3300 • .511 .645
3400 .530
3500 .549
3600 .569
3700 .588
3800 .608
3900 -626
Continued on next page
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Load-Defleotlon Data for Angular Splice Joint<5
(Group 2 - 2x4 Rafters)
Load at Deflection at center
center Joint Joint Joint J olnt
2-A(W.P.) 2-A{D.F0 2-B(W.P.) 2-.B(D.F.)
lb» in. in. in. - In.
200 .000 .ono .000 .000
500 .020 .016 .024 .020
400 .040 .038 .044 .045
500 .059 .061 .063 .067
600 .079 .080 .082 .086
700 .099 .101 .106 .108
800 .118 .122 .129 .131
900 .139 .138 .150 .152
1000 .160 .56 .171 .174
1100 .174 .173 .195 .195
1200 .201 .190 .217 .219
1300 .221 .205 .241 .241
1400 .243 .223 .262 .262
1500 .263 .239 .280 .284
1600 .284 .256 .318 .307
1700 .305 .273 • 344 .329
1800 .325 .289 .373 .353
1900 .348 .307 .398 .376
2000 .370 .324 .439 .400
2100 .393 .342 .469 .426
2200 .413 .358 .454
2300 .435 .377 .482
2400 .459 .396
2500 .484 .414
2600 .507 .435
2700 .533 .455
2800 .558 .476
2900 .590 .497
3000 .623 .520
3100 .658 .555
3200 .710 .582
3300 .721 .631
3400 .666
3500 .723
3600 .770
3700 .853
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Load-Deflectlon Data fpr Angular Splice Joints
(Group 3 - 2x4 Hafters)
Xoad at Deflection at center
senter Joint Joint Joint Joint
3-A(W,F.) 3-A(D.F.) 3-B(W.P.) 3-B(D.F.)
lbs - In * in. In. in*
200 .000 .000 .000 .000
300 .022 .025 .036 .034
400 .046 .055 .067 .059
500 .067 .080 .102 .087
600 .089 .107 .137 .112
700 .111 .134 .170 .141
800 .133 .163 .213 .166
900 .154 .190 .241 .195
1000 .178 .215 .271 .219
1100 .198 .242 .312 .248
1^00 .221 .269 .351 .272
1300 .241 .308 .387 .297
1400 .260 .323 .424 .322
1500 .283 .357 .350
1600 .305 .384 .379
1700 .326 .417
1800 .352 .455
1900 .379 .495
2000 .404 .553
2100 .433 .605
2200 .480 .642
2300 .510
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Load-Deflection Data for Angular Splice Joints 
(Group 1 - 2x6 Rafters) 
toad at Deflection at-center 
center Joint Joint Joint Joirit - - -
1-A(D . F.) 1-A(W. P . ) 1-B(W. P.) 1-B(D . F . ) 
lbs. i n . In . in . in . - - - -
200 .ooo .ooo .ooo .ooo 
400 .013 .011 .026 . 025 
600 . 024 . 020 .061 . 060 
800 . 051 . 041 . 096 . 094 
1000 . 073 . 058 .132 .123 
1200 . 097 . 0?2 . 167 .14 9 
1400 . 116 .088 .202 .1?5 
1600 . 136 . 101 . 235 . 200 
1800 .156 .114 . 268 . 225 
2000 .174 . 12? . 304 . 251 
2200 . 195 .140 , 337 . 276 
2400 . 214 .149 . 3?0 .301 
2600 . 201 . 161 . 407 . 321 
2800 . 248 . l?l . 434 . 351 
3000 . 263 . 182 . 4?5 , 375 
3200 . 280 . 191 .510 . 401 
3400 .299 . 202 . 545 . 422 
3600 . 317 . 210 . 585 . 455 
3800 . 333 . 219 . 63? . 482 
4000 . 350 . 228 . 510 
4200 . 367 . 235 .541 
4400 . 395 . 247 . 574 
4600 . 405 . 259 . 613 
4800 . 424 . 272 . 654 
5000 . 442 . 284 . 708 
5200 . 460 . 295 .?55 
5400 . 476 . 311 . 798 
5600 . 501 . 324 
5800 .525 . 336 
6000 . 550 . 354 
6200 . 576 
6400 .sos 
6600 .638 
6800 . 6?1 
?000 . ?33 
7200 . ?88 
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Load-Deflectlon Data for Angular Splloe Joints
(Sroup 2 - 2x6 Rafters)
Load at
center
lbs.
200
400
600
800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000
6200
6400
6600
Joint
2-A(W,P.)
in.
.000
.010
.017
.036
.056
.074
.091
.108
.125
.140
.155
.167
.182
.195
.212
.229
.245
.259
.273
.287
.303
.318
.333
.349
.364
.383
.412
.428
.445
.466
.490
.521
.551
Deflection at
Joint
2-A(D.F.)
in.
.000
.014
.027
.053
.076
.096
.115
.132
.149
.165
.183
.197
.211
.226
.240
.254
.263
.280
.299
.308
.323
.337
.347
.367
.382
.398
.415
.433
.449
.470
.496
center
Joint
2-B(W.P.)
in.
.000
.020
.042
.089
.130
.160
.190
.226
.259
.286
.315
.344
.374
.404
.437
.470
.496
.524
.555
.604
joint
2-B(D.F.)
in.
.000
.010
.021
.035
.059
.077
.094
.114
.133
.154
.175
.196
.217
.238
.264
.291
.316
.343
.370
.397
.432
.458
.486
.500
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Load-Deflection Data for Angular Splice Joints
(Group 3 - 2x6 Rafters)
Load at Deflection at center
center Joint Joint Joint Joint
3-A(W,P.) 3-A(D.F.) 3-BfW.P.) 3-B(D.F.)
lbs • in. in. in. in.
200 .000 .000 .000 .000
400 .024 .026 .023 .017
600 .047 .050 .046 .039
800 .071 .070 .075 .082
1000 .121 • 091 .105 .114
1200 .149 .122 .105 .150
1400 .177 .150 .132 .187
1600 .199 .178 .158 .225
1800 .223 .204 .185 .262
2000 .243 .229 .214 .304
2200 .263 .254 .241 .347
2400 .287 .277 .285
2600 .298 .300 .313
2800 .310 .319 .344
3000 .321 .340 .373
3200 .338 .357 .406
3400 .356 ,3B7 .445
3600 .375 .405
3800 .397 .426
4000 .419 .445
4200 .454 .466
4400 .486 .487
4600 .528 .506
4800 .558 .552
